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ABSTRACT 


In  previous  studies,  we  determined  that  incubation  of  high 
concentrations  of  the  7.5%  saline  (HS)  component  of  HSD  with 
human  blood,  in  vitro,  significantly  prolonged  prothrombin  time  (PT) 
and  reduced  platelet  aggregation.  Considering  the  rapid  plasma 
volume  expansion  which  follows  HSD  infusion,  the  present  study 
tested  the  hypothesis  that  any  HS-induced  effects  on  coagulation 
would  have  no  clinical  significance  when  HSD  is  infused  for  the 
treatment  of  hemorrhagic  hypotension.  Conscious,  spienectomized 
pigs,  either  euvolemic  (n=ll)  or  bled  27  ml/kg  over  60  min  (n=9), 
were  treated  with  the  proposed  therapeutic  dose  of  4  ml/kg  HSD. 
Blood  samples  were  withdrawn  prior  to,  at  the  end  of  hemorrhage 
and  0.5,  X,  2,  3,  4,  24,  48,  72  and  168  hr  following  HSD  infusion  and 
PT,  activated  partial  thromboplastin  time  (APTT)  and  platelet 
aggregation  determined.  HSD  did  not  significantly  affect  PT,  APTT, 
or  platelet  aggregation  in  either  group  of  swine  at  any  time 
measured.  In  other  studies,  HSD  did  not  prolong  bleeding  times  after 
1  or  2  hr  in  euvolemic  pigs.  These  data  further  support  the  premise 
that  a  single  dose  of  HSD  for  the  prehospital  treatment  of 
hemorrhagic  hypotension  will  not  adversely  affect  blood  coagulation. 


FURTHER  EVALUATION  OF  THE  EFFECTS  OF  7.5%  NaCl/6% 
DEXTRAN-70  (HSD)  ADMINISTRATION  ON  COAGULATION 
AND  PLATELET  AGGREGATION  IN  HEMORRHAGED  AND 
EUVOLEMIC  SWINE  -  MA  Dubick,  A.F.  Kilani,  JJ.  Summary, 
J.Y.  Greene 
and  C.E.  Wade 

The  past  decade  has  seen  a  resurgence  of  research  into  the 
development  of  effective  plasma  volume  expanders  for  the  treatment 
of  hemorrhagic  hypotension.  Of  particular  interest  are  hypertonic- 
hyperoncotic  solutions  that  are  effective  in  small  volumes  [1-3].  Over 
the  past  few  years  our  laboratory  [4,5]  and  others  [6]  have  reported 
on  the  efficacy  of  infusions  of  7.5%  NaCl/6%  Dextran-70  (HSD)  as  a 
small  volume  resuscitative  solution  in  animal  models  of  hemorrhagic 
hypotension.  In  addition,  human  field  trials  have  reported  that  HSD 
improves  survival  in  select  groups  of  trauma  patients  [7,8]. 

However,  before  HSD  can  be  acceptable  for  human  use, 
concerns  regarding  its  potentially  adverse  effects  must  be  addressed. 
Of  major  concern  are  reports  that  dextrans  can  interfere  with  the 
blood  clotting  mechanism  [9,10].  Although  the  incidence  of  clotting 
abnormalities  are  low  considering  the  large  number  of  doses  of 
dextrans  given  over  the  past  50  years,  clotting  abnormalities  have 
been  most  pronounced  following  infusion  of  large  molecular  weight 
(MW)  dextrans  (MW>130,000)  or  after  the  infusion  of  large  doses 
(>1.5  g/kg  body  weight)  of  dextrans  of  average  MW>60,000  [9,11,12]. 
In  addition,  recent  studies  have  suggested  that  infusion  of  hypertonic 
saline  (HS)  alone  can  prolong  clotting  times  and  decrease  platelet 
aggregation  [13,14].  In  our  previous  study  examining  the  effects  of 
high  concentrations  of  HSD  or  its  individual  components,  7.5%  saline 
(HS)  and  Dextran-70,  in  vitro,  on  coagulation  and  platelet 
aggregation,  we  observed  significant  HS-induced  prolongation  of  blood 
coagulation  [15]. 

These  data,  however,  suggested  that  at  the  proposed 
therapeutic  dose  of  4  ml/kg,  HSD,  containing  dextran  of  70,000 
average  MW,  would  have  minimal  effects  on  hemostasis.  To  further 
examine  whether  these  in  vitro  effects  would  be  observed  after  IV 
infusion  of  HSD,  plasma  coagulation,  platelet 
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aggregation  and  bleeding  times  were  determined  at  times  over  a  7 
day  period  in  hemorrhaged  and  euvolemic  swine  infused  with  a  single 
dose  of  4  ml/kg. 


MATERIALS  AND  METHODS 
Animals  and  Experimental  Protocol 

Immature  (25.2+1.4  kg)  female  Yorkshire  pigs,  (n=20)  were 
randomly  assigned  to  either  the  euvolemic  (HSD)  or  the  hemorrhage 
(hem+HSD)  group.  Animals  were  individually  housed  in  a  common 
indoor  laboratory  holding  facility  with  a  12  hr  light/dark  cycle,  were 
maintained  at  constant  temperature  and  humidity,  and  were  fed  a 
commercial  chow  and  water  ad  libitum.  After  a  1-3  week  adaptation 
period  to  the  laboratory  environment,  each  pig  was  splenectomized 
and  chronically  instrumented  with  arterial  catheters  and  an 
abdominal  aortic  sideport  catheter  to  remove  blood  during 
hemorrhage  [16].  A  pyelostomy  was  also  performed.  All  surgical 
procedures  were  performed  under  aseptic  conditions,  and  the  pigs 
were  allowed  to  recover  for  5  days  before  the  start  of  each 
experiment.  Specific  aspects  of  the  catheterization  protocol  and 
conditioning  to  the  Pavlov  sling  have  been  previously  detailed  [17]. 

After  an  18  hr  fast,  pigs  were  placed  in  the  Pavlov  sling  and 
allowed  to  rest  quietly.  Two  baseline  blood  samples  (time  0)  were 
collected.  Immediately  thereafter,  animals  in  the  hemorrhaged  group 
were  bled  progressively  at  27  ml/kg  body  weight  over  a  60  min  period. 
The  HSD  solution  (Pharmacia  AB,  Uppsala,  Sweden)  was  then 
administered  intravenously  a  4  ml/kg  body  weight  over  a  1  min 
period.  Blood  samples  (5  ml)  were  taken  at  the  end  of  the 
hemorrhage  or  mock-hemorrhage  period  and  at  0.5,  1,  2,  3,  4,  24,  48, 
72,  and  168  hr  after  HSD  infusion. 

Physiological  and  Biochemical  Measurements 

Mean  arterial  pressure  (MAP)  and  heart  rate  were  determined 
from  the  pulse  pressure  tracing  recorded  at  baseline,  during 
hemorrhage,  and  over  the  first  4  hr  after  HSD  infusion. 
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Biochemical  Measurement 

Total  carbohydrate  concentrations  in  serum  were  determined 
by  the  anthrone  reaction  after  precipitation  of  serum  protein  with 
10%  trichloroacetic  acid  (TCA)  [18].  Plasma  glucose  was  determined 
by  an  automated  glucose-hexokinase  enzymatic  method  performed  by 
the  Analytical  Chemistry  Branch,  Letterman  Army  Institute  of 
Research.  Serum  dextran  concentrations  were  then  calculated  by 
subtracting  the  concentrations  of  glucose  from  the  concentrations  of 
total  carbohydrate  [19j. 

Coagulation  and  Platelet  Aggregation  Assays 

Plasma  coagulation  was  measured  by  prothrombin  time  (PT) 
and  activated  partial  thromboplastin  time  (APTD,  as  well  as  platelet 
aggregation.  Tests  for  PT  and  APTT  were  run  in  duplicate.  All 
plasma  controls  used  reagents  of  the  same  lot  number. 

Prothrombin  time  was  assayed  by  incubating  a  0.1  mL  aliquot 
of  the  citrated  plasma  and  thromboplastin  (0.2  mL;  Organon  Teknika 
Corp.,  Durham,  NC).  The  timer  was  started  at  the  same  time  the 
reagent  was  added  and  clot  formation  was  measured  using  a 
fibrometer  (Helena  Laboratories,  Beaumont,  TX). 

The  APPT  was  determined  by  incubating  a  0.1  mL  aliquot  of 
plasma  with  0.1  mL  PTT  activator  (General  Diagnostics,  Morris 
Plains,  NJ)  and  platelet  factor  3  reagent  for  5  min  at  37’C;  0.2  mL 
CaCl2  was  added  and  the  clotting  time  measured  in  the  fibrometer. 

Platelet  aggregation  was  measured  according  to  the  standard 
platelet-rich  plasma  (PRP)  method  of  Born  [20].  Protein-rich  plasma 
was  processed  from  citrated  whole  blood  by  centrifugation  at  150g  for 
10  min.  Platelet  concentrations  were  adjusted  to  300,000/  L  using 
autologous  platelet-poor  plasma.  The  PRP  and  an  appropriate 
dilution  of  test  solution  in  a  final  volume  of  0.45  mL  were  added  to  a 
siliconized  cuvette  with  a  Teflon-coated  stir  bar.  An  agonist  was 
added  (0.5  mL),  and  the  percentage  of  platelet  aggregation  was 
measured  in  the  optical  channel  of  a  Whole  Blood  Aggregometer 
(Model  540,  Chrono-Log  Corp.,  Havertown,  PA).  Aggregation  with 
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each  agonist  was  measured  in  duplicate.  Preliminary  studies  of 
platelet  aggregation  in  pigs  using  the  standard  aggregation  agonists 
epinephrine  (10  mol/L),  ADP  (0.2  mol/L),  collagen  (0.2  mg/mL),  and 
ristocetin  (1.5  mg/mL;  Bio/Data  Corp.,  Hatboro,  PA)  revealed  that  pig 
platelet  aggregation  responded  similarly  to  human  platelets  only  with 
ADP  as  agonist.  Therefore,  ADP  was  used  in  subsequent  studies  to 
evaluate  the  effects  of  HSD  on  platelet  aggregation. 

Sedimentation  Rates 

Sedimentation  rates  of  erythrocytes  before  and  at  times  after 
HSD  infusion  were  determined  in  Wintrobe  tubes  (Scientific  Products, 
McGaw  Park,  IL)  according  to  standard  clinical  laboratory 
procedures.  Data  were  recorded  as  mm  fall  of  erythrocytes/hr  and 
were  corrected  for  changes  in  hematocrit  from  baseline  values. 

Bleeding  Times  Study 

Bleeding  time  determinations  were  performed  using  the  ear 
incision  technique  described  by  Bowie  et  al.[21].  Due  to  technical 
limitations  of  this  technique,  only  three  time  points  were  available 
from  4  euvolemic  pigs  infused  with  HSD.  Bleeding  times  were 
determined  at  baseline  (time  0),  1  hr,  and  2  hr  after  HSD  infusion. 
The  effects  of  HSD  on  bleeding  time  were  assessed  in  euvolemic 
rather  than  hemorrhaged  pigs  because  vasoconstriction  of  the  blood 
vessels  in  the  pig  ear  could  complicate  the  interpretation  of  the  data 
from  the  hemorrhaged  animals. 

Statistical  Analysis 

Where  appropriate,  data  were  analyzed  by  Student’s  test  or 
two-way  analysis  of  variance  (ANOVA),  adjusted  for  repeated 
measures,  with  P<0.05  considered  significant.  The  Newman-Keuls 
method  of  multiple  comparison  was  employed  to  determine  significant 
differences  between  the  means  [22].  In  studies  of  dextran  clearance 
from  serum,  an  amended  BMDP  nonlinear  regression  statistical 
program  was  utilized  for  data  analysis  and  for  estimating  half-life 
(W  [23]. 
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RESULTS 

In  the  present  study,  a  27  ml/kg  hemorrhage  resulted  in  a  42% 
decrease  in  mean  arterial  pressure  (MAP)  that  was  restored  to 
baseline  values  following  HSD  infusion  (Table  I).  Hemorrhage  and 
the  subsequent  HSD  infusion  did  not  significantly  affect  heart  rate  in 
these  animals,  and  in  the  euvolemic  animals,  HSD  affected  neither 
MAP  nor  heart  rate  (Table  I). 

Serum  dextran  concentrations  were  significantly  higher  in 
hemorrhaged  pigs  infused  with  HSD  compared  with  their  euvolemic 
controls  (Fig.  1).  Nevertheless,  serum  dextran  concentrations 
decreased  in  both  groups  at  a  half-life  of  approximately  12  hr 
(12.3+0.4  and  12.2+1.0  hr  in  HSD  and  hem+HSD  groups, 
respectively). 

Serum  Na  concentrations  peaked  at  161+3  and  156+2  mEq/L  in 
the  HSD  and  hem+HSD  groups,  respectively,  2  hr  after  HSD 
infusion,  corresponding  to  approximately  a  10  mEq/L  increase  in  each 
group  (Table  II).  Na  concentrations  decreased  thereafter  until  they 
had  essentially  returned  to  baseline  values  by  24  hr  after  HSD 
infusion.  Cl  concentrations  increased  7  to  8  mEq/L  following  HSD 
infusion  and  returned  to  baseline  values  by  24  hr  (Table  II).  K 
concentrations  were  not  significantly  affected  by  HSD  infusion  (TaDle 
II).  Serum  electrolyte  concentrations  were  at  baseline  levels  at  48,  72 
and  168  hr  after  HSD  infusion  (data  not  shown). 

In  both  HSD  and  hem+HSD  groups,  prothrombin  (PT)  and 
activated  thromboplastin  (APTT)  time  tended  to  decrease  after  HSD 
infusion  compared  with  baseline  values,  but  the  differences  were  not 
statistically  significant.  (Fig.  2).  At  no  time  were  PT  and  APTT 
prolonged  following  HSD  infusion.  Again,  since  the  48,  72  and  168  hr 
data  were  not  different  from  baseline  or  the  24  hr  values,  they  were 
not  included  in  the  figure. 

Erythrocyte  sedimentation  rates  (ESR)  were  not  significantly 
affected  by  hemorrhage,  but  in  both  the  HSD  and  hem+HSD  groups, 
ESR  increased  approximately  50%  over  baseline  values  at  24  hr  or  48 
hr  after  HSD  infusion  (Table  III).  In  the  HSD  group,  ESR  returned 
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to  baseline  rates  at  72  hr,  whereas  it  was  still  higher  than  baseline  in 
the  hem+HSD  group.  It  leturned  to  baseline  rates  in  this  group  by  7 
days  after  HSD  infusion  (data  not  shown). 

In  addition,  platelet  aggregation  was  not  adversely  affected  in 
either  group  at  the  times  measured  (Fig.  3).  If  anything,  platelet 
aggregation  seemed  to  increase  slightly  after  HSD  infusion,  although 
the  differences  were  not  significantly  different  from  baseline.  In 
euvolemic  pigs,  HSD  did  not  prolong  bleeding  times  at  1  or  2  hr  after 
infusion  (Table  IV). 


DISCUSSION 

The  dextran  concentrations  observed  in  the  present  study  are 
similar  to  those  previously  observed  in  pigs  and  rabbits  after  infusion 
of  4  ml/kg  HSD  [19,24],  The  20%  to  30%  higher  dextran 
concentrations  in  hemorrhaged  than  euvolemic  pigs  are  also 
consistent  with  previous  observations  [19,24].  Despite  these 
differences  in  concentration,  the  early  half-life  of  dextran  in  serum 
was  not  significantly  affected  by  hemorrhage,  suggesting  that  renal 
clearance,  the  major  component  defining  the  early  half-life  of  dextran 
[25],  was  not  impaired  in  these  animals.  This  is  also  consistent  with 
our  previous  observations  in  rabbits  [24]. 

As  expected,  HSD  infusion  Taised  the  sodium  and  chloride 
concentrations  in  serum.  Although  serum  sodium  increased  about  10 
mEq/L  in  the  HSD-infused  animals,  the  sodium  levels  were  transient 
and  were  not  associated  with  any  overt  behavioral  changes  in  these 
animals.  The  concentrations  of  these  electrolytes  increased  only 
slightly  and  essentially  returned  to  normal  by  24  hr.  In  the  present 
study,  pigs  had  free  access  to  water  after  the  initial  4  hr  experimental 
period.  Therefore,  it  is  not  surprising  that  their  serum  electrolytes 
were  normal  at  24  hr. 

The  administration  of  dextrans  to  over  200,000  patients  in  the 
1940s  and  1950s  led  to  the  recognition  that  dextrans  could  induce 
subtle  changes  in  hemostasis  [10].  Subsequently,  studies  in  both 
experimental  animals  and  humans  have  shown  that  large  doses  of 
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high  MW  dextrans  can  prolong  bleeding  and  clotting  times,  bind 
fibrinogen,  interfere  with  fibrin  cross-linking,  reduce  the  plasma 
concentrations  of  factors  V,  VII  and  VIII,  and  inhibit  platelet 
aggregation  and  platelet  factor  3  activity  [9,10,26].  Although  these 
observations  have  led  to  the  clinical  use  of  low  molecular  weight 
dextrans,  e.g.,  Dextran-40,  as  antithrombotics,  they  also  raised 
concern  that  the  use  of  dextrans  as  plasma  volume  expanders  to  treat 
hemorrhagic  hypotension  could  exacerbate  the  condition  they  were 
used  to  treat. 

In  the  present  study,  the  clinical  screening  tests  of  hemostasis, 
PT,  APTT,  and  platelet  aggregation  were  determined  after  the  IV 
infusion  of  4  mhkg  BSD  to  both  euvolemic  and  hemorrhaged  pigs.  PT 
and  APTT  monitor  the  extrinsic  and  intrinsic  pathways  of 
coagulation.  Although  each  system  can  operate  independently,  they 
interact  through  factor  X  to  regulate  hemostasis.  Evaluating  both 
systems  allows  a  more  complete  evaluation  of  the  overall  coagulation 
process.  In  fact,  it  has  been  suggested  that  the  interaction  between 
the  two  systems  accounts  for  the  maintenance  of  the  clotting 
mechanism  despite  a  possible  impairment  of  the  thrombin  formation 
by  dextran  [27,28]. 

The  results  from  the  present  study  indicate  that  PT  and  APTT 
were  not  significantly  affected  following  the  infusion  of  a  single  4 
ml/kg  dose  of  HSD  in  both  euvolemic  and  hemorrhaged  pigs. 

Although  previous  studies  by  us  [15]  and  others  [13]  indicated  that 
high  concentrations  of  hypertonic  saline  can  prolong  PT,  this  does  not 
appear  to  he  the  case  following  IV  infusion  of  4  ml/kg  HSD.  As 
indicated,  serum  sodium  concentrations  rise  immediately  after 
infusion  and  then  slowly  drop  toward  pre-infusion  levels,  consistent 
with  the  observation  that  sodium  is  distributed  quickly  throughout 
body  compartments  [15].  The  present  data  are  also  consistent  with 
our  previous  observations  in  rabbits  [29]  and  the  lack  of  hemostatic 
abnormalities  noted  in  the  human  clinical  trials  following 
administration  of  250  ml  of  HSD  [8]  as  well  as  in  other  recent  clinical 
studies  with  dextran  [30]. 

Erythrocyte  sedimentation  rate  (ESR)  was  also  measured  to 
determine  the  aggregating  tendency  of  blood  after  HSD  infusion. 
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Previous  studies  done  in  vitro  reported  that  incubating  human  or  dog 
blood  with  Dextran-70  increased  ESR  and  therefore,  erythrocyte 
aggregation  [31,32];  a  phenomenon  related  to  higher  viscosity  of  blood 
induced  by  Dextran-70  [33].  It  is  known,  however,  that  ESR  can  be 
significantly  influenced  by  hematocrit  (Hct).  In  the  use  of  HSD  as  a 
plasma  volume  expander  for  the  treatment  of  hemorrhagic 
hypotension,  significant  decreases  in  Hct  occur  [5].  In  the  present 
study,  ESR  was  corrected  for  changes  in  Hct  since  Hct  was  more 
significantly  affected  in  the  hem+HSD  than  the  HSD  group.  It  was 
observed  that  ESR  began  to  slightly  rise  after  HSD  infusion  and 
peaked  at  levels  about  509c  higher  than  baseline.  ESR  then 
decreased  toward  baseline  levels.  The  present  data  are  consistent 
with  previously  reported  observations  that  infusion  of  Macrodex 
slightly  increased  plasma  viscosity  and  erythrocyte  aggregation  [34], 
and  further  suggest  that  HSD  infusion  will  not  inhibit  blood  cell 
aggregation. 

In  addition,  antithrombotic  properties  of  dextrans  are  well 
established,  yet  may  not  be  associated  with  any  abnormalities  in 
coagulation  or  bleeding  time  [27,351.  In  our  previous  studies  we  found 
that  platelet  aggregation  was  decreased  following  incubation  of  a  high 
dose  of  HSD  with  human  plasma  [15].  Buchanan  [36]  reported  that 
adverse  effects  of  dextran  on  platelet  aggregation  would  not  be 
anticipated  until  doses  exceeded  lg/kg/day.  Therefore,  it  is  not 
surprising  that  platelet  aggregation  was  not  affected  in  the  present 
study. 


In  conclusion,  the  present  data,  taken  together  with  the 
available  human  data,  indicate  that  the  efficacy  of  HSD  for  the 
prehospital  treatment  of  hemorrhagic  hypotension  will  not  be 
compromised  by  problems  of  impaired  hemostasis. 


Dubick  et  al.  --  9 


Acknowledgement 

The  authors  thank  Mr.  Fred  Tillman  for  excellent  technical 
assistance  and  Dr.  Virginia  Gildengorin  for  statistical  analyses.  The 
authors  also  appreciate  the  assistance  of  Mr.  Donald  Calkins  for 
preparation  of  the  manuscript.  A  portion  of  this  study  was  presented 
by  one  of  the  authors  (AFK)  as  partial  fulfillment  of  the  requirements 
for  an  MS  degree  at  San  Francisco  State  University. 


10  -  Dubick  et  al. 


REFERENCES 

1.  Kramer  GC,  Perron  PR,  Lindsey  C,  Ho  HS,  Gunther  RA,  Boyle 
WA,  Holcroft  JW:  Small-volume  resuscitation  with  hypertonic  saline 
dextran  solution.  Surgery  100:239-247,  1986. 

2.  Kramer  CG,  English  TP,  Gunther  RA,  Holcroft  JW:  Physiological 
mechanisms  of  fluid  resuscitation  with  hyperosmotic/hyperoncotic 
solutions.  In  Passmore  SM,  Reichard  SM,  Reynolds  DG,  Taber  DL, 
(eds):  "Perspectives  in  Shock  Research:  Metabolism,  Immunology, 
Mediators,  and  Models:"  New  York:  Alan  R.  Liss,  Inc.,  1989,  pp  311- 
320. 

3.  Holcroft  JW,  Vassar  MJ,  Turner  JE,  Derlet  RW,  Kramer  GC:  3% 
NaCl  and  7.5%  NaCl/Dextran  70  in  the  resuscitation  of  severely 
injured  patients.  Annals  of  Surgery  206:279-288,  1987. 

4.  Maningas  PA,  DeGuzman  LR,  Tillman  FJ,  Hanson  GS,  Pyrgintz 
KJ,  Volk  KA,  Bellamy  RF:  Small  volume  infusion  of  7.5 %  NaCl  in  6% 
Dextran  70  for  the  treatment  of  severe  hemorrhagic  shock  in  swine. 
Ann  Emerg  Med  15:1131-1137,  1986. 

5.  Wade  CE,  Hannon  JP,  Bossone  CA,  Hunt  MM,  Loveday  JA, 
Coppes  R,  Gildengorin  VL:  Resuscitation  of  conscious  pigs  following 
hemorrhage:  Comparative  efficacy  of  small  volume  resuscitation.  Circ 
Shock  29:193-204,  1989. 

6.  Chudnofsky  CR,  Drone  SC,  Syverud  SA,  Zink  BJ,  Hedges  JR 
Intravenous  fluid  therapy  in  the  prehospital  management  of 
hemorrhagic  shock:  Improved  outcome  with  hypertonic  saline/6% 
Dextran-70  in  a  swine  model.  Am  J  Emerg  Med  7:357-363,  1989. 

7.  Vassar  MJ,  Perry  CA,  Gannaway  WL,  Holcroft  JW:  7.5%  sodium 
chloride/dextran  for  resuscitation  of  trauma  patients  undergoing 
helicopter  transport.  Arch  Surg  126:1065-1072,  1991. 

8.  Mattox  KL,  Maningas  PA,  Moore  EE,  Mateer  JR,  Marx  JA, 
Aprahamian  C,  Burch  JM,  Pepe  PE:  Prehospital  hypertonic 


Dubick  et  ad.  -  11 


saline/dextran  infusion  for  post-traumatic  hypotension.  The  USA 
multicenter  study.  Ann  Surg  213:482-491,  1991. 

9.  Berqvist  D:  Dextran  and  hemostasis.  Acta  Chir  Scand  148:633- 
640,  1982. 

10.  Alexander  B:  Effects  of  plasma  expanders  on  coagulation  and 
hemostasis:  Dextran,  hydroxyethyl  starch  and  other  macromolecules 
revisited.  In  Jamieson  GA,  Greenwalt  TJ  (eds):  "Blood  Substitutes 
and  Plasma  Expanders".  Prog  Clin  Biol  Res,  v.19,  New  York:  Alan  R. 
Liss,  Inc.,  1978,  pp.  293-326. 

11.  Jacobaeus  U:  The  effects  of  dextan  on  the  coagulation  of  blood. 
Acta  Med  Scand  151:505-507,  1955. 

12.  Nilsson  IM,  Eiken  O:  Further  studies  on  the  effects  of  dextran  of 
various  molecular  weight  on  the  coagulation  mechanism.  Thromb 
Diath  Hemorrhage  11:38-50,  1964. 

13.  Reed  RL  II,  Johnston  TD,  Chen  Y,  Fischer  RP:  Hypertonic  saline 
alters  plasma  clotting  times  and  platelet  aggregation.  J  Trauma  31:8- 

14.  1991. 

14.  Rabinovici  R,  Yue  TL,  Krausz  MM,  Sellers  TS,  Lynch  KM, 
Feurestein  G:  Hypertonic  saline  (HTS)  induced  mechanisms  leading 
to  increased  bleeding  in  uncontrolled  hemorrhagic  shock.  Circ  Shock 
34:38  (Abst  #94),  1991. 

15.  Hess  JR,  Dubick  MA,  Summary  JJ,  Bangal  NR,  Wade  CE:  The 
effects  of  7.5%  NaCl/6%  Dextran-70  on  coagulation  and  platelet 
aggregation  in  humans.  J  Trauma  32:40-44,  1992. 

16.  Traverso  LW,  Moore  CC,  Tillman  FJ:  A  clinically  applicable 
exsanguination  shock  model  in  swine:  Circ  Shock  12-17,  1984. 

17.  Wade  CE,  Hannon  JP,  Bossone  CA,  Hunt  MM,  Rodkey  WG: 
Cardiovascular  and  hormonal  responses  of  conscious  pigs  during 
physical  restraint.  In  Tumbleson  ME  (ed):  "Swine  in  Biomedical 
Research  3."  New  York:  Plenum  Press,  1986,  pp  1395-1404. 


12  —  Dubick  et  al. 


18.  Roe  JH:  The  determination  of  dextran  in  blood  and  urine  with 
anthrone  reagent.  J  Biol  Chem  208:889-896,  1954. 

19.  Dubick  MA,  Summary  JJ,  Ryan  BA,  Wade  CE:  Dextran 
concentrations  in  plasma  and  urine  following  administration  of  6% 
Dextran-70/7.5%  NaCl  to  hemorrhaged  and  euvolemic  conscious 
swine.  Circ  Shock  29:301-310,  1989. 

20.  Born  GVR:  Aggregation  of  blood  platelets  by  adenosine 
diphosphate  and  its  reversal.  Nature  94:927-929,  1962. 

21.  Bowie  EJW,  Owen  Jr  CA,  Zollman  PE,  Thompson  Jr  JH,  Fa ss 
DN:  Tests  of  hemostasis  in  swine:  Normal  values  and  values  in  pigs 
affected  with  von  Willebrand’s  disease.  Am  J  Vet  Res  34:1405-1407, 
1973. 

22.  Neter  J,  Wasserman  W:  Applied  Linear  Statistical  Models. 
Homewood,  IL:  Richard  D.  Irwin,  Inc.,  1974. 

23.  Ralston  ML,  Jennrich  RI,  Sampson  PF,  Uno  FK:  Fitting 
pharmacokinetics  models  with  BMDPAR.  BMDP  Technical  Report 
No.  58,  Berkely:  University  of  California  Press,  1979. 

24.  Dubick  MA,  Ryan  BA,  Summary  JJ,  Wade  CE:  Dextran 
metabolism  following  infusion  of  7.5%  NaCl/6%  dextran-70  to 
euvolemic  and  hemorrhaged  rabbits.  Drug  Devel  Res  25:29-38,  1992. 

25.  Artuson  G,  Granath  K,  Thoren  L,  Wallenius  G:  The  renal 
excretion  of  low  molecular  weight  dextran.  Acta  Chir  Scand  127:543- 
551,  1964. 

26.  Ewald  RA,  Eichelberger  JW  Jr,  Young  AA,  Weiss  HJ,  Crosby 
WH:  The  effects  of  dextran  on  platelet  factor  3  activity:  In  vitro  and 
in  vivo  studies.  Transfusion  5:109-119,  1965. 

27.  Gruber  UF:  Blood  Replacement.  Berlin:  Springer-Verlag,  1969. 


Dubick  et  ai.  --  13 


28.  Seegers  WH,  Levine  WG,  Johnson  SA:  Inhibition  of  prothrombin 
activation  with  dextran.  J  Appl  Physiol  7:617-620,  1955. 

29.  Ryan  BA,  Summary  JJ,  Dubick  MA,  Wade  CE:  The  hemostatic 
and  hematologic  effects  of  hypertonic  saline  (7.5%)  dextran-70  (HSD) 
in  swine  and  rabbits.  FASEB  J  3:A1210,  1989. 

30.  Bergman  A,  Andreen  M,  Blomback  M:  Plasma  substitution  with 
3%  dextran-60  in  orthopaedic  surgery:  Influence  on  plasma  colloid, 
osmotic  pressure,  coagulation  parameters,  immunoglobulins  and  other 
plasma  constituents.  Acta  Anaesthesiol  Scand  34:21-29,  1990. 

31.  Jan  K-M,  Usami  S,  Chien  S:  The  disaggregation  effect  of 
Dextran-40  on  red  cell  aggregation  in  macromolecular  suspensions. 
Biorheology  19:543-554,  1982. 

32.  Gregersen  IM,  Peric  B,  Usami  S,  Chien  S:  Relation  of  molecular 
weight  of  dextran  to  its  effects  on  viscosity  and  sedimentation  rate  of 
blood.  BibI  Anat  4:58-61,  1964. 

33.  Lim  Jr  C,  Kostrzewska  E,  Bergentz  S-E,  Gelin  L-E:  Rheology  of 
human  blood  following  treatment  with  Dextran-40  and  Dextran-70. 
Bibl  Anat  10:9-15,  1969. 

34.  Groth  C-G,  Thorsen  G:  The  effects  of  Rheomacrodex  and 
Macrodex  on  factors  governing  the  flow  properties  of  the  human 
blood.  Acta  Chir  Scand  130:507-520,  1965. 

35.  Weiss  HJ:  The  effect  of  clinical  dextran  on  platelet  aggregation, 
adhesion,  and  ADP  release  in  man:  In  vivo  and  in  vitro  studies.  J  Lab 
Clin  Med  69:37-46,  1967. 

36.  Buchanan  EC:  Blood  and  blood  substitutes  for  treating 
hemorrhagic  shock.  Am,  J  Hosp  Pharm  34:631-636,  1977. 


Dubick  et  al. 


■*r  vo  in  ct  vd  to  ■» 

+1  +1  +1  +1  +i  +1  +1 

n  in  to  t  vo  o 

H  lO  O'  O'  O  O'  O 

rA  rA  >A 


c 

nf 

+1 

(0 

at 

o 

0) 

tn 

© 

55 

XI 

rA 

tf  n  «  to  o' 
+1  +1+1 +1+1 
rA  Cl  iA  r» 
O  O'  O'  O  O' 


om  h  to  r-  rA  r~  d 
+1  +|  +1  +1+1 +1+1 
co  n  to  o  o  a> 

OOriHNHrl 

rA  rA  rA  rA  rA  rA  rA 


vo  in  in  *r  in 

+1  +1  +1  +1  +1 

o>  h  in  in 

O  H  N  H  H 


rA  i 

0  +J 
tn  w  in 
it!  0  • 

ffl  ft<  O  h  rj  n  v 


Data  expressed  as  mean  +S.E.  For  HSD  group,  n=ll;  For  Hem  +  HSD  group, 
t  p<0.05  from  corresponding  baseline  value. 


Dubick  et  al.  --  15 


a 

in 

x 


Q 

CO 

X 


+I+I+I+1+I+I+I+I 

onr-ttUffieorHn 

OOlHOOOf-tO 

HrlrHHHHrlH 


£ 

P 

*H 

s 

13 

« 

w 

3 

<w 

C 

H 


0) 

13 


k 

0 

r"4 

£ 

o 


D 

to 

X 


n 

+! 


n 

o 


<t<f  >»non 
+  1+1  +l+|  +|+| 

O  (J'  O  IS  o  fO 

H  O  H  o  H  O 

r!  r-4  r— <  cH  fH 


H 

M 

Q) 

rH 

-Q 

<0 

E-* 


01 

Co 

*H 

cu 

T3 

Cl 

CO 

(0 

£ 

k 

k 

O 

E 

V 

X 

13 

C 

ns 

O 

•H 

E 


O 

> 

3 

U 


NHrtNNHOH 


oooocooo 
+1  +1  +1  +1  +1+1  +1  +1 
r'lC'i'Or'OO'H'O 


E 

3 

•H 


H  NrlHHrlN 


0) 

01 

Q 

P 

O 

ft- 


•  •••••• 

o  o  o  o  o  o  o 
+1  +1+1 +1+1 +1+1 
Ql  «k  OHOOMO 

Crt  . 

XI  tr  -r-j-jonn 


<n 

it 

c 

a 


k 

Co 

Q 

CO 

£ 

+ 

E 

01 

X 

k 

O 

T3 

C 

(0 


II 

C 


c 

■H 


0) 

c 

o 

•H 

P 

<a 

k 

+> 

k 

<0 

o 

c 

o 

o 

m 

01 

p 

>1 

rl 

o 

k 

p 

t> 

01 

rH 

w 


k 

01 

» 


« 

E 

E 

3 

*H 

T3 

O 

to 


H 

k 

£ 


nnNNNMNH 
+|+| +1+1 +1+1+1  +1 
tso>^'f>on»f'0 
•-rTtinintninin^ 


n 

+1 

o 

in 


■ii  * 

iv  n  n  n  oi  H 
+1+1  +1+1  +1+1 
o  o  h  ci  o  in 
u>  id  to  in  vo  in 


01 
Co 
«> 

£ 
k 
k 
0 
E 
01 
•k  X 
rl  I 
01  +1 
oi  oi  in 
(0  o  • 

ffl  0-  O  k  n  n 


01 

C 


■<r  04 


a 

3 


0) 


U* 

o  > 

x  c 

k  ‘*i 

O  ” 

£  ® 
01 

.  * 
w  -0 

w  g' 

+».s 

c  c 

10  o 


01 

E 

0) 

<c 

13 

01 

01 

05 

01 

k 

O. 

X 

01 


o. 

01 

01 

k 

k 

O 

U 

E 

O 

k 

in 


w  r, 

a  “* 
»•  “ 


16  --  Dubick  et  al. 


Q 

W 

as 

XS 

4-> 

•H 

'O 

0) 

w 

3 

<4-1 

c 

M 


M 

H 

M 

0) 

r-4 

XI 


tn 

O' 

•H 

cu 

o 

■H 

E 

Q) 

H 

o 

> 

3 

W 

<4-1 

O 

W 

<u 

E 


O’ 

c 

•H 


Tf 

0) 

V 

I— I 

CQ 


a1 

E 

•H 

Eh 


d 

C 


c 

E 


a>  >-•  M 

w 

(O'#  Hf  (N 
ffl  '-'rl  >hN  — 


01 

E 


■P 

o 

c 

•H 

TJ 

0) 

0) 

iH 

03 


r- 

r- 

CO 

• 

• 

* 

o 

o 

rH 

+» 

+1 

+  1 

CO 

CM 

* 

• 

• 

D 

r> 

C 

w 


Data  expressed  as  mean  +S. 


Table  IV 


Dufcick  et  al.  --  17 


Q 

CO 

K 


C 

•r-4 


el 


a) 


e 


oo 


.3 

•P 

•H 

T3 

dJ 

(0 

3 


V 

c 

•H 

T3 

d) 

d> 


r-»  r-  •-* 


oo-i 
+1+1+1 
CD  *J>  <T\ 


CQl 


ro  ro  ro 


C 

H 


0) 

Cn 

■H 

CU 


U 

■P 

£ 

d) 

iH 

o 

> 

3 

W 

<*-( 

o 

01 

I 

•P 

■P 

O' 

c 

•P 

XJ 

d) 

d) 

H 

CO 


rP 


(DPP 

to  jc  x: 

■d 

CQ  »i  «N 


w 


+1 

c 

id 

QJ 

e 


01 

« 

TJ 

d) 

01 

01 

<D 

M 

a 

X 

d) 


«3 

■p 

id 

Q 


18  —  Dubick  et  al. 


Figure  1.  Serum  dextran  concentrations  following 
infusion  of  HSD  in  euvolemic  (n=ll)  and  hemorrhaged 
(n=9)  pigs.  Data  expressed  as  mean  +S.E.  Concentrations 
in  hemorrhaged  animals  significantly  higher  (P<0.05) 
than  in  control  animals. 
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Figure  3.  Platelet  aggregation  using  ADP  as  agonist 
in  euvolemic  (n=5)  and  hemorrhaged  (n*5)  pigs  infused 
with  HSD. 
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